

(12) 



(43) Date of publication: 

27.05.1998 Bulletin 1998/22 

(21) Application number: 97120391.4 

(22) Date of filing: 20.11.1997 



Europaisches Patentamt 
European Patent Off ice 
Off ice europeen des brevets (11) EP 0 844 464 A1 

EUROPEAN PATENT APPLICATION 

(51) lnt.CI. 6 : G01D7/04 



Best Available Copy 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


• Kamei, Takashi, 


NL PT SE 


c/o Omron Corporation 


Designated Extension States: 


Nagaokakyo-City, Kyoto 617 (JP) 


AL LT LV MK RO SI 


• Noda, Satoshl, 




c/o Omron Corporation 


(30) Priority: 21.11.1996 JP 310485/96 


Nagaokakyo-City, Kyoto 617 (JP) 


(71) Applicant: OMRON CORPORATION 


(74) Representative: 


Kyoto-shi, Kyoto 61 6 (JP) 


WILHELMS, KILIAN & PARTNER 




Patentanwafte 




Eduard-Schmid-Strasse 2 




81541 Munchen (DE) 



CD 
CO 

o 

Q. 
LU 



(54) Method of and apparatus for displaying measured variables 



(57) A received light level is displayed by a plurality 
of LEDs of a received light level display device like a bar 
graph. A set threshold value is indicated by a plurality of 
LEDs of a threshold value display device in correlation 
with the bar graph display. Adjustment of the threshold 
value is performed stepwise. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a sensing device 
and a display method in the sensing device. 

Description of the Prior Art 

A sensing device such as a photoelectric sensor, a 
proximity sensor and the like detects an external physi- 
cal slate and compares feature quantity representing 
physical state with a set threshold value to output an on- 
s«gnai ot a off-signal in dependence upon the compari- 
son result. In such a sensing device, an output indicator 
lamp is turned on or off in accordance with the output 
state in order to indicate the output state (on or off 
state). Further a level of the feature quantity is displayed 
on a bar graph display device comprising a plurality of 
indicator elements in order that the level of the feature 
quantity is recognized. For example, as shown in Fig. 
14a. the feature quantity is displayed in a form of a bar 
graph using a plurality of indicator elements 90, and the 
output state is displayed by an output indicator lamp 91 . 
Alternatively, as shown in Fig. 14b. the feature quantity 
is digitally displayed on a numerical display device 92, 
and the output state is displayed by an output indicator 
lamp 93. 

However, in accordance with the display method in 
the conventional sensing device, although the output 
state and the feature quantity are confirmed, the relation 
is not realized between the displayed feature quantity 
and the set threshold value. Since it cannot be judged 
whether the threshold value is appropriate, difficulties 
arise in setting a threshold value so that the sensing 
device operates under optimum conditions. Even in a 
sensing device in which a threshold value can be finely 
adjusted, adjusting the threshold value to an optimum 
value is impossible, as the relation is not clear between 
the displayed feature quantity and the set threshold. 

SUMMARY OF THE INVENTION 

An object of the present invention is to display fea- 
ture quantity and a threshold value related to each 
other. 

Another object of the present invention is to make it 
possible to set the threshold value utilizing the above 
display. 

Still another object of the present invention is to 
make it possible to adjust the threshold value utilizing 
the above display. 

A sensing device according to the present invention 
comprises means for acquiring feature quantity repre- 
senting a physical state to be sensed, a feature quantity 
display device, which includes a plurality of indicator 



elements arranged in a line, for indicating the feature 
quantity acquired by the feature quantity acquiring 
means by a bar graph expressed by the indicator ele- 
ments, a threshold display device, which includes a plu- 

5 rality of indicator elements arranged in correspondence 
with the indicator elements of the feature quantity dis- 
play device, for displaying a set threshold value in corre- 
lation with the bar graph, and judging means for 
comparing the feature quantity acquired by the feature 

io quantity acquiring means with the threshold value and 
for outputting the comparison result. 

The feature quantity display device and the thresh- 
old display device are realized by light-emitting diodes 
or a liquid crystal display device. In the latter case, liquid 

15 crystal display segments, or areas or dots in a liquid 
crystal display panel correspond to the indicator ele- 
ments. 

A display method according to the present invention 
in a sensing device which acquires feature quantity rep- 

20 resenting a physical state to be sensed and compares 
the acquired feature quantity with a threshold value to 
output the comparison result, comprising the steps of 
displaying the acquired feature quantity with a bar graph 
expressed by a plurality of first indicator elements which 

25 are arranged so as to form a row, and displaying the 
threshold value by a plurality of second indicator ele- 
ments which are disposed in correspondence with the 
first indicator elements in correlation with the bar graph 
display. 

30 According to the present invention, the feature 
quantity is displayed by the bar graph. Further the 
threshold value is displayed in correspondence with the 
indicator elements of the feature quantity display device 
which display the feature quantity by the bar graph. 

35 Accordingly, the user can correctly recognize the rela- 
tion between the feature quantity and the threshold 
value. 

The present invention enables adjustment of the 
threshold value. The sensing device according to the 

40 present invention comprises means for changing the 
threshold value in a plurality of discrete points in corre- 
lation with the plurality of indicator elements in the 
threshold display device, and means for holding the 
threshold value changed by the threshold changing 

45 means. The threshold display device indicates the 
threshold value held by the threshold holding means, 
and the judging means uses the threshold value held by 
the threshold holding means in making comparison with 
the feature quantity. 

so Accordingly, the user can adjust the threshold value 
while he or she sees the threshold value displayed in 
correlation with the feature quantity, which make it pos- 
sible to realize appropriate threshold adjustment. 
The present invention further provides a sensing 

55 device in which the threshold value is displayed in corre- 
lation with the feature quantity and the threshold value is 
set or changed (adjusted). 

A sensing device according to the present invention 
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comprises means for acquiring feature quantity repre- 
senting a physical state to be sensed, a feature quantity 
display device, which includes a plurality of indicator 
elements arranged in a line, for indicating the feature 
quantity acquired by the feature quantity acquiring 
means by a bar graph expressed by the indicator ele- 
ments, threshold processing means, which include an 
input device, for setting a threshold value or changing 
the set threshold value in response to an input in the 
input device, threshold holding means for holding the 
threshold value set or changed by the threshold 
processing means, a threshold display device, which 
includes a plurality of indicator elements arranged in 
correspondence with the indicator elements of the fea- 
ture quantity display device, for displaying the threshold 
value held in the threshold holding means in correlation 
with the bar graph, and judging means for comparing 
the feature quantity acquired by the feature quantity 
acquiring means with the threshold value held in the 
threshold holding means and for outputting the compar- 
ison result. 

The feature quantity is displayed in correlation with 
the threshold value. The user can set or adjust the 
threshold value knowing the above display 

The sensing device according to the present inven- 
tion is expressed in a viewpoint that the threshold value 
which has been set is adjusted as follows: 

In a sensing device acquiring feature quantity rep- 
resenting a physical state to be sensed and comparing 
the acquired feature quantity with a threshold value to 
output a signal representing the comparison result, the 
present invention is characterized by comprising feature 
quantity display means for displaying the feature quan- 
tity by a length representing the feature quantity in a 
predetermined zone for display, threshold display 
means for displaying a threshold value at a position of a 
plurality of positions in correlation with the predeter- 
mined zone for display of the feature quantity display 
means, and adjusting means for adjusting stepwise the 
threshold value in correlation with the plurality of posi- 
tions. The threshold display means displays the thresh- 
old value adjusted by the adjusting means. 

In one embodiment of the present invention, the 
adjusting means includes an input device and changes 
a threshold value which has been set in a plurality of 
discrete points in an ascending direction and in a plural- 
ity of discrete points in a descending direction in 
response to an input in the input device. 

In another embodiment of the present invention, the 
adjusting means includes an adjusting direction select- 
ing device and a value-change instructing device, and 
causes the threshold position currently displayed to 
move in a direction selected by the adjusting direction 
selecting device by a number of steps instructed by the 
value-changing instructing device. 

The user can finely adjust the threshold value which 
has already set in an ascending direction or in a 
descending direction at a plurality of points while seeing 



the threshold value displayed in correlation with the fea- 
ture quantity 

The present invention also applicable to a sensing 
device having hysteresis in switching. In this case at 

5 least one item of an on-point, an off-point, a middle point 
between the on-point and the off-point, and a hysteresis 
band between the on-point and the off-point is displayed 
as the threshold in accordance with selection and is 
adjustable at a plurality of points. 

w The present invention can also be expressed in 
view of setting of the threshold value as follows: 

A sensing device according to the present inven- 
tion, which acquires feature quantity representing a 
physical state to be sensed and compares the acquired 

is feature quantity with a threshold value to output a signal 
representing the comparison result, characterized by 
comprising feature quantity display means for displaying 
the feature quantity by a length representing the feature 
quantity in a predetermined zone for display, and 

20 threshold display means for displaying a threshold value 
at a position of a plurality of positions in correlation with 
the predetermined zone for display of the feature quan- 
tity display means. The feature quantity display means 
and the threshold display means may be realized by 

25 light-emitting diodes or a liquid crystal display device. 

The present invention is applicable to a sensing 
device which has hysteresis output characteristic. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 

30 more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a block diagram showing an electrical func- 
tional construction of a sensing device according to 
the first embodiment of the present invention; 
Fig. 2 is a front view of an operation panel of the 
40 sensing device; 

Fig. 3 is a flaw chart showing an overall operation of 
the sensing device; 

Fig. 4 shows relation between the threshold levels 
and the threshold level indicator lamps which are 
45 turned on in correspondence with the threshold 
level; 

Fig. 5 is a flow chart showing a threshold level 
adjusting processing; 

Rg. 6 shows relation between the received light 
so level and the received light level indicator lamps 
which are turned on; 

Figs. 7a, 7b, 7c and 7d show display examples of 
the received light level and the threshold value; 
Rg. 8 illustrates an operation of a sensing device 
55 which has a hysteresis output characteristic; 

Fig. 9 is a front view of an operation panel of a 
sensing device according to the second embodi- 
ment of the present invention; 
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Fig. 10 is a block diagram showing an electrical 
functional' construction of the sensing device 
according to the second embodiment; 
Fig. 1 1 is a flow chart showing a threshold level dis- 
play changing processing; 

Figs. 12a, 12b, and 12c show display examples 
which relate received light level indicator elements 
to an on-point threshold value, an on/off center level 
and an off-point threshold value, respectively; 
Figs. 13a and 13b show display examples relating 
received light levels to hysteresis bands; and 
Figs. 14a and 14b show display examples in the 
conventional sensing devices. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

This embodiment relates to a reflective-type photo- 
electric sensor, an electrical construction of which is 
illustrated in Fig. 1. 

The reflective-type photoelectric sensor comprises 
a light-projecting unit 1, a light receiving unit 2, a control 
unit 10, a display unit 20, an output unit 30 and an input 
unit 40. 

The light-projecting unit 1 includes a light-emitting 
diode (or a semiconductor laser), a driving circuit there- 
for, a light-projecting lens system and the like, and 
projects periodically (or continuously) pulse light onto 
an object detection area. 

The light-receiving unit 2 includes a light-receiving 
lens system, a light-receiving element such as a pho- 
totransistor or a photodiode, and a light-receiving circuit 
for amplifying the output signal from the light-receiving 
element, and converts the output signal to digital data, H 
necessary (this A/D convention function is not needed, 
if the control unit 10 is equipped with an A/D converter). 
The projected light is reflected by an object to be 
sensed, if the object exists in the detection area, and the 
reflected light impinges upon the light-receiving element 
of the light-receiving unit 2. The light-receiving output of 
the light-receiving unit 2 is fed to the control unit 10. 

The control unit 10 is realized by a microcomputer 
which includes a memory 3 and peripheral devices. 
Functions performed by the microcomputer are 
expressed by four blocks, namely a feature quantity 
acquiring section, a judging section, a judged result out- 
put section 13 and a threshold-changing processing 
section 14. 

The feature quantity acquiring section 1 1 acquires 
specific physical quantity (feature quantity) of an exter- 
nal state which is sensed by the sensor. The feature 
quantity differs in accordance with kinds of sensors. In a 
case of the reflective-type photoelectric sensor, the fea- 
ture quantity is a received light level of the light reflected 
from the object. The received light level is produced on 
the basis of the light-receiving output from the light- 
receiving unit 2 (by such processings as an A/D conver- 
sion, a level conversion, and the like). 
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The memory 3 stores therein a threshold level Vth 
for judging an on-state or an off-state, resolution d for 
adjusting the threshold level, and other data. 

The judging section 12 compares the received light 

5 level obtained in the feature quantity acquiring section 
1 1 with the threshold level stored in the memory 3. The 
comparison result is outputted from the judged result 
output section 13 as an on-signal or an off-signal. 
The display unit 20 displays the on/off-output, the 

10 received light level and the threshold level. The output 
unit 30 converts the on/off-signal obtained from the 
judged result output section 13 into a signal suited to be 
applied to an external device for the purpose of control 
and so on. The input device 40 is for a user to enter an 

is instruction, a command or the like for changing modes 
and the threshold value. 

The threshold-changing processing section 14 cor- 
rects the threshold level in the memory 3 in accordance 
with the instruction or command entered from the input 

20 unit 40. 

Fig. 2 is a front view of a panel which the user oper- 
ates. The panel is provided with the above mentioned 
display unit 20 and the input unit 40. The output unit 30 
may be provided on this panel. 

25 The display unit 20 includes a display device 21 (a 
feature quantity display device) for displaying the 
received light level, a display device 22 (a threshold dis- 
play device) for displaying the threshold level and an 
output indicator lamp 23. The received light level display 

30 device 21 comprises a plurality of (eight in this embodi- 
ment) indicator lamps 21a, 21b, 21c, 21d, 21e, 21f, 21 g 
and 21 h each realized by a light-emitting diode (LED) 
arranged in a vertical line to form a column (a bar graph 
display device), and an LED or LEDs a number of which 

35 corresponds to the received light level is lighted in 
ascending order from the lowermost one. In this embod- 
iment, a range of level displayed by the eight LEDs is 
limited to the total 36% of the dynamic range of the 
reflective-type photoelectric sensor, i.e., 18% to the 

40 upper side and 18% to the lower side from the center 
which is defined by the threshold level. 

The threshold level display device 22 comprises a 
plurality of (seven in this embodiment) indicator lamps 
22a, 22b, 22c, 22d, 22e, 22f and 22g each realized by 

45 an LED arranged in a vertical line and adjacent to the 
indictor lamps of the received light level display device 
21. The threshold level indicator lamp is positioned in 
the middle of the two adjacent received light level indi- 
cator lamps. The lighted indicator lamp(s) (LED) of the 

so display device 22 represents the threshold level. 

A cover of the panel is formed to have windows of 
rectangular shaped and triangular shaped in corre- 
spondence with the positions of the LEDs of the display 
devices 21 and 22. The windows are covered by trans- 

55 parent (or translucent) materials, through which the light 
from the LEDs can be seen from outside. The triangular 
window of the indicator lamp of the display device 22 is 
directed toward the indicator lamps of the display device 
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21 aslf it were an arrow. 

•The output indicator lamp 23 also comprises an 
LED and is lighted by either of the on-output or off-out- 
put. It is preferred that the received light level display 
device 2 1 . the threshold level display device 22 and the 5 
output indicator lamp 23 emit light beams of different 
colors. 

The input unit 40 includes an operation mode 
selecting switch 41 , an output mode selecting switch 42, 
an adjust direction selecting switch 43 and a setting but- 10 
ton 44. 

The operation mode selecting switch 41 is to select 
one of a teach mode (TEACH) for setting an initial 
threshold level, an adjust mode (ADJ) for adjusting the 
threshold level which has been set, and a run mode is 
(RUN) representing an ordinary sensing operation. 

The output mode selecting switch 42 is to select 
one of a mode (light on: L ON) in which the sensor out- 
put is turned on (the output indicator lamp 23 is turned 
on) when the received light level is high (when the 20 
reflected light is incident on the light-receiving device) 
and a mode (dark on: D.ON) in which the sensor output 
is turned on (the output indicator 23 is turned on) when 
the received light level is low (when the reflected light 
does not impinge on). 2$ 

The adjust direction selecting switch 43 is to 
instruct the direction in which the threshold level 
changed to, when the threshold level is changed in the 
adjust mode. The setting switch 44 (SET) is operated 
when the threshold level is set or adjusted. 30 

The operation of the reflective-type photoelectric 
sensor having the above construction is now described 
with reference to Fig.3. 

The state of the operation mode selecting switch 41 
is checked. If this selecting switch 41 is set in the teach 35 
mode (YES at step 101), the threshold level setting 
processing (setting of the initial threshold level) is per- 
formed (step 102). 

There are two ways of threshold level teaching for 
the threshold level setting processing, namely one-point 40 
teaching and two-point teaching. The one-point teach- 
ing is effective in such a case that works (objects to be 
sensed) are successively conveyed and the works suc- 
cessively pass through the detection area of the reflec- 
tive-type photoelectric sensor. The two-point teaching is 45 
effective in such a case that the difference is small 
between the received light level with the work existing 
and the received light level with the work absent. 

In the one-point teaching, the user set the operation 
mode selecting switch 41 to the teach mode, and turned so 
on the setting button 44 when no work exists in the 
detection area. Thereafter the user changes over the 
operation mode selecting switch 41 to the run mode. 

The control unit 10 reads and stores the received 
light level when the setting button 44 is turned on (this ss 
received light level is either of the maximum level or 
minimum level). The works successively pass through 
the detection area. The control unit 10 fetches into the 
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received light level at a predetermined time interval dur- 
ing a prescribed time period necessary for at least one 
work, preferably a plurality of works to pass through the 
detection area. The maximum level and minimum level 
are extracted from the fetched received light levels, and 
a threshold level is automatically set in the middle level 
between the maximum and minimum levels. 

In the two-point teaching, the user depresses the 
setting button 44 when the work exists in the detection 
area. Further the user depresses the setting button 44 
when no work exists in the detection area. The control 
unit 10 fetches (twice) the received light levels when the 
setting button 44 is turned on and sets the threshold 
level in the middle level between the two fetched 
received light levels. 

When the threshold level setting processing is com- 
pleted, the indicator lamp 22d at the center of the 
threshold level indicator lamps 22a - 22g is lighted. 

If the operation mode selecting switch 41 is set in 
the adjust mode (YES at step 103), the processing for 
adjusting the threshold level which has been set (man- 
ual tuning) is executed (step 104). 

In the manual tuning for the threshold level adjust- 
ing processing, the user selects the adjust mode with 
use of the operation mode selecting switch 41 , and sets 
the direction in which the threshold level is to be 
changed using the adjust direction selecting switch 43. 
If the switch 43 is moved upward, the threshold level 
becomes higher, and if the switch 43 is moved down- 
ward, the threshold becomes lower. The threshold level 
is corrected by one unit (above described resolution d) 
whenever the setting button 44 is depressed in the 
direction indicated by the adjust direction selecting 
switch 43. When the adjustment is completed, the user 
sets the run mode using the operation mode selecting 
switch 41. 

Fig. 4 shows the relation between the threshold 
level which is renewed each time the setting button 44 is 
repressed and the threshold level indicator lamp lighted 
when the threshold level is renewed, assuming that the 
current threshold level is VthO. The threshold level 
becomes higher by d whenever the setting button 44 is 
depressed in a cace where the adjust direction selecting 
swtich 43 indicates the ascending direction, while the 
threshold level becomes lower by d whenever the set- 
ting button 44 is depressed in a cace where the adjust 
direction selecting switch 43 indicates the descending 
direction. 

When the threshold level is VthO, the threshold level 
indicator lamp 22d in the center is lighting. When the 
threshold level becomes VthO + d, the indicator lamp 
22d and the indicator lamp 22e positioned just above 
light. When the threshold level becomes VthO + 2d, only 
the indicator lamp 22e lights. In a case where the 
threshold level descends, the lower indicator lamp(s) 
lights. The seven indicator lamps 22a - 22g enables the 
user to perform thirteen-level fine adjustment of the 
threshold level (inclusive of the current threshold level 
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VthO). ^Generally speaking. (2n - 1)-level adjustment is 
possible in a case of n threshold level indicator lamps. 

Fig. 5 shows details of the threshold level adjusting 
processing {step 104). 

It is checked whether the adjust direction selecting 
switch 43 is set in the ascending direction of the thresh- 
old level or the descending direction (step 1 1 1). In either 
direction, when the setting button 44 is depressed 
(steps 112 and 116), it is checked whether the current 
threshold level attains the maximum level (VdtO + 6d) in 
the adjustable range in a case of the ascending direc- 
tion (step 113), and whether the current threshold level 
is the minimum level (VdtO - 6) in a case of the descend- 
ing direction (step 117). If the maximum or minimum 
level is not attained, the threshold level can be 
increased or decreased. The current threshold level is 
incremented or decremented by one unit d in accord- 
ance with the adjust direction (step 114, 118). The 
threshold level indicator lamp(s) corresponding to the 
new threshold level is lighted according to the table 
shown in Fig. 4. In this way, the threshold level is 
adjusted stepwise by the depression of the setting but- 
ton 44. 

When the current threshold level is the maximum or 
minimum level in the adjustable range, the threshold 
level adjustment is impossible any more. In such a case, 
a new threshold level setting in accordance with the 
threshold level setting processing in step 102 will be 
required. 

After the threshold level adjusting processing or the 
threshold level setting processing, or when the run 
mode is set (NO at step 103). the control unit 10 issues 
a light-projection instruction to the light-projecting unit 1 
(step 105). In response to this instruction, pulse light is 
projected from the light-projecting unit 1 . Thereafter the 
control unit 10 fetches the light-receiving signal from the 
light-receiving unit 2 upon A/D conversion (step 106). 
The fetched received light level is compared with the 
threshold level VthO ± md (m = 0, 1 - 6) which has been 
set or adjusted (step 107), and the comparison result is 
outputted as a sensor output and display processing 
using the received light level display device 21 and the 
output indicator lamp 23 is performed (step 108). The 
processing routine as shown in Fig. 3 is executed every 
predetermined time period. 

Fig. 6 shows the relation between the received light 
level inputted from the light receiving unit 2 and lighted 
received level indicator lamps in the light-on mode. The 
received light level Vin is expressed in relation to the 
threshold level. 

Fig. 7 illustrates dispiay examples of the received 
light level display device 21, the threshold level display 
device 22 and the output indicator lamp 23. The lighted 
indicator lamp is expressed in black. The examples 
shown in Fig. 7 are the display state of the threshold 
level display device 22 after the threshold level adjusting 
processing at step 104, and the display state of the 
received light level display device 21 and the output indi- 



cator lamp 23 at step 108. It is assumed that the light-on 
mode is selected using the output mode selecting 
switch 42. 

In Figs. 7a and 7b, the adjusted threshold level is 

5 VthO + 2d and the threshold level indicator lamp 22e is 
lighted. If the received light level does not reach the 
threshold level, the output indicator lamp 23 is not 
lighted. Of the indicator lamps of the received light level 
display device 21, the indicator lamp(s) positioned 

io below the indicator lamp 21 e (inclusive of the lamp 21 e) 
are lighted in accordance with the received light level 
(Fig. 7a). If the received light level exceeds the thresh- 
old level, the output indicator lamp 23 is lighted. All the 
indicator lamps 21a - 21 e and indicator lamp(s) above 

15 the indicator lamp 21 f (inclusive of the lamp 21f) are 
lighted in accordance with the received level (Fig. 7b). 

Figs. 7c and 7d show a case where the adjusted 
threshold level is VthO - 3d. The threshold level indicator 
lamps 22b and 22c are lighted. When the received light 

20 level is less than the threshold level, the output indicator 
lamp 23 is not lighted (Fig. 7c). When the received light 
level exceeds the threshold level, the output indicator 
lamp 23 is lighted (Fig. 7d). The received light level indi- 
cator lamps are turned on in accordance with the 

25 received light level. As seen from Fig. 6, the received 
light level indicator 21 a - 21 c are lighted in a case where 
the received light level Vin meets the condition VthO - 4d 
< Vin < VthO - 2d. Even the indicator lamps 21 a - 21c are 
lighted, the output indicator lamp 23 is turned on in 

30 same cases but is not turned on in the other cases, 
since the threshold level is VthO - 3d. 

As described above, the received light level is indi- 
cated by the received light level indicator lamps, and the 
threshold level is also indicated, so that the user can 

35 clearly recognize the relation between the received light 
level and the threshold level. In a case where the 
received light level exceeds the threshold level, the out- 
put indicator lamp 23 is turned on and a detection signal 
is outputted outside. Accordingly, the user can adjust 

40 the threshold level while he or she recognizes the rela- 
tion between the received light level and the threshold 
level in a state in which the object is sensed or in a state 
in which the object is not sensed. Further the user can 
know a margin of the received light level with respect to 

45 the threshold level. 

Although the description is made with regard to the 
manual tuning in the threshold level adjusting process- 
ing, an automated tuning is also adopted. In the auto- 
mated tuning, for example, the user selects the teach 

so mode by the operation mode selecting switch 41 and 
depresses the setting button in a state where no work 
exists in the detection area. Next the user changes over 
to the adjust mode, and depresses the setting button 44 
for a predetermined time period or more. Lastly the user 

55 sets the run mode. In response to the above operation 
by the user, the control unit 10 thereafter performs the 
automated adjusting processing of the threshold level at 
a predetermined time interval (for example, thirty min- 
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utes, this time* interval may be changed). In the auto- 
mated adjusting processing of the threshold level, the 
threshold level is so changed that the threshold level is 
positioned between the maximum value and the mini- 
mum value of the received light level s 

The above description relating to the output indica- 
tor lamp 23 is made with regard to the light-on mode. 
The same is true for the dark-on mode with respect to 
the processings of threshold level setting and threshold 
level adjusting. The output indicator lamp 23 is turned w 
on and the detection signal is outputted when the 
received light level is below the threshold level. 

In the above embodiment, first, the initial threshold 
level is set in the teach mode, and then the initial thresh- 
old level is corrected (finely adjusted) in the adjust is 
mode. Alternatively, another arrangement may be 
adopted in which a threshold level is set at any level of 
a plurality of points (thirteen levels in the above exam- 
ple). 

The present invention is applied to the reflective- 20 
type photoelectric sensor in the above embodiment. 
The present invention may be applied to various types 
of the sensing devices. For example, a photoelectric 
sensor includes a transmission type, and in another 
aspect, an optical fiber type. The feature quantity may 2s 
be the received light level (received light quantity) in a 
case of the photoelectric sensor. 

Another feature quantity may be used in a case of 
another type of sensing device. For example, the 
present invention may be applied to a proximity switch 30 
or sensor. The proximity switch generally includes a 
detection coil which serves as a part of an oscillating cir- 
cuit. The oscillation amplitude may be the feature quan- 
tity in a proximity switch of a type in which the oscillation 
amplitude is changed in accordance with distance 35 
between the detection coil and the object to be detected 
(or in accordance with existence or absence of the 
object). The oscillation frequency (or voltage in a case 
where the frequency is converted to the voltage) may 
serve as the feature quantity in a proximity switch of a 40 
type in which the oscillation frequency is changed. The 
above feature quantity is compared with the threshold 
value. 

In a pressure sensor, pressure, or capacitance, 
resistance of a piezoelectric resistance element, volt- 45 
age, current or frequency of a detection circuit or the like 
in accordance with the types of the pressure sensors 
may be the feature quantity. The same is true for a vibra- 
tion sensor. The pressure sensor and the vibration sen- 
sor include" those manufactured by micromachining so 
technology. 

The present invention is also applicable to a color 
sensor. An example of the color sensor is disclosed in 
the Japanese application No. 9-169061. This color sen- 
sor projects three-color light beams of R (red), G ss 
(green) and B(blue) toward an object to be sensed in 
time sharing manner. The light reflected from or trans- 
mitted through the object is received by a light receiving 



element. The received light levels of R, G and B with 
respect to a reference object having a reference color 
are measured and stored in advance. Differences are 
respectively calculated between the received light levels 
of R, G and B obtained from an object to be sensed and 
the received light levels of R, G and B obtained from the 
reference object and stored. The maximum value of the 
above differences is compared with a permissible value 
(a limit of an allowable range of an error). If the maxi- 
mum difference is less than the permissible value, the 
color of the object to be sensed is judged to be the same 
as the reference color. In such the color sensor, the 
maximum difference is the feature quantity and the per- 
missible value is the threshold value. 

Some of photoelectric switches and proximity 
switches have so called hysteresis switching character- 
istic in which an on-point and an off-point are set and an 
output changes from an on-state to an off-state along a 
path and the output changes from the off-state to the 
on-state along another path. The present invention is 
applicable to such the switches or sensors. Description 
is made on a photoelectric sensor as a representative of 
switches (sensors) having the hysteresis characteristic. 

The output hysteresis characteristic of a photoelec- 
tric sensor will be explained with reference to Fig. 8. The 
light-on mode is presumed. An on-threshold value and 
an off-threshold value are set at different received light 
levels. The on-threshold value is higher than the off- 
threshold value. In a case where the sensor output is an 
off state (for example, an object is not sensed), when 
the received light level exceeds the on-point, the sensor 
output is changed to an on-state (for example, an object 
is sensed). In a case where the sensor output is the on- 
state, when the received light level lowers below the off- 
point, the sensor output is changed to the off-state. The 
difference between the on-threshold value and the off- 
threshold value is called a hysteresis band (width). An 
on/off center level is assumed at a just middle point 
between the on-threshold value and the off-threshold 
value. 

Fig. 9 shows an operation panel of the photoelectric 
switch. The same parts or elements as those shown in 
Fig. 2 are denoted by the same reference numerals to 
avoid overlapped description. 

The operation panel is provided with a threshold 
level display mode selecting switch 45. The operation 
projection of this switch has four positions, i.e. , ON, MID, 
OFF and HYS. When the ON display mode is selected, 
the on-point threshold value is displayed on the thresh- 
old value display device 22. When the OFF display 
mode is selected, the off-point threshold level is dis- 
played. When the MID display mode is selected, the 
on/off center level is displayed on the threshold value 
display device 22. The on/off center level corresponds 
to the threshold value in the embodiment shown in Fig. 
1 - 7. When HYS display mode is selected, the hystere- 
sis band is displayed by the threshold level display 
device 22. The on-point threshold value, the off-point 
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threshold value, the on/off center level and the hystere- 
sis band are kinds of threshold values. 

Fig. 10 shows an electrical construction of the pho- 
toelectric sensor. The same blocks as shown in Fig. 1 
are denoted by the same reference numerals to avoid 5 
overlapped explanation. 

The control unit 10A is realized by a microcom- 
puter. A on-point changing processing section 15, an 
off-point changing processing section 16, a hysteresis- 
band changing processing section 17 and a display io 
change-over section 18 are illustrated as functions per- 
formed by the microcomputer. 

The memory 3 stores therein the on-point threshold 
value, the off-point threshold value, the on/off center 
level, the hysteresis band, the threshold level adjusting 75 
resolution d and other data. All of the on-point threshold 
value, the off-point threshold value, the on/off center 
level and the hysteresis band are not necessarily 
stored, since the on/off center level is positioned in the 
middle between the on-point threshold value and the 20 
off-threshold value, and the hysteresis represents the 
difference between the on-point threshold value and the 
off-point threshold value. For example, the on-point 
threshold value and the off-point threshold value are 
sufficient to be stored. Alternatively, only the on/off 25 
center level and the hysteresis band may be stored. Fur- 
ther, only the on-point threshold value and the hystere- 
sis band may be stored. 

The input unit 40A includes a threshold level display 
mode selecting switch 45 in addition to the operation 30 
mode selecting switch 41, the output mode selecting 
switch 42, the adjust direction selecting switch 43 and 
the setting button 44. 

As will be described in detail later, the threshold 
changing procesing section 14 performs adjustment of 35 
the on/off center level and stores the adjusted on/off 
center level in the memory 3. The on-point changing 
processing section 15, the off-point changing process- 
ing section 16 and the hysteresis-band changeing 
processing section 1 7 respectively perform adjustment 40 
processing of the on-point threshold value, the off-point 
threshold value and the hysteresis band and store the 
adjusted on-point threshold value, the off-point thresh- 
old value and the hysteresis band in the memory 3. 
These various threshold value adjustment processings 45 
are executed in response to an adjust direction instruc- 
tion from the adjust direction selecting switch 43 and an 
input from the setting button 44, when the adjust mode 
is selected by the operation mode selecting switch 41, 
and the MID, ON, OFF and HYS mode are respectively so 
selected by the threshold level display mode selecting 
switch 45. 

The display change-over section 18 controls the 
display unit 20 such that a threshold of a kind which is 
selected by the threshold level display mode selecting 55 
switch 45 is displayed by the threshold level display indi- 
cator lamp. 

Fig. 1 1 shows a procedure of the threshold level 



display changing processing performed by the control 
unit 10A. This processing is performed when the thresh- 
old level display mode is changed using the threshold 
level display mode selecting switch 45. 

The threshold level display changing processing 
can be executed only when the adjust (ADJ) mode or 
run (RUN) mode is selected by the operation mode 
selecting switch 41 (steps 121 and 122). In a case of the 
teach (TEACH) mode, the threshold level indicator lamp 
displays the on/off center level. 

When the adjust mode or run mode is set, the 
threshold level indicator lamps display the threshold 
level of the kind which corresponds to the mode 
selected by the threshold level display mode selecting 
switch 45. That is, if the ON display mode is selected, 
the on-point threshold value is displayed (YES at steps 
123 and 126), if the MID display mode is selected, the 
on/off center level is displayed (YES at steps 124 and 
127), if the OFF display mode is selected, the off-point 
threshold value is displayed (YES at step 125 and 128), 
and if the HYS display mode is selected, the hysteresis 
band is displayed (NO at step 125 and 129). 

Figs. 12a to 12c shows examples of display of vari- 
ous threshold levels by the threshold level indicator 
lamps. Fig. 12a illustrates the off-point threshold value, 
Fig. 12b. the on/off center level, and Fig. 12c, the on- 
point threshold level. 

Figs. 13a and 13b show display examples of the 
hysteresis band. Fig. 13a illustrates the case in which 
hysteresis band is d, and Fig. 13b illustrates the case in 
which the hysteresis band is 3d or 4d. In Fig. 13b, the 
indicator lamp 22d indicates the on/off central level. The 
indicator lamp 22e, or the indicator lamps 22e and 22d 
indicates the on-point threshold value. The indicator 
lamps 22d and 22c, or the indicator lamp 22c indicates 
the off-point threshold value. The indicator lamps turned 
on over the range of the hysteresis band. 

The initial setting of the threshold value is executed 
in the teach mode. The operation by the user and the 
threshold level setting processing in the teach mode are 
the same as those in the above mentioned embodiment 
(Fig. 3, step 102). The hysteresis band is determined in 
advance. The threshold level set in the teach mode 
serves as the on/off center level, and the on-point 
threshold value and the off-point threshold value are 
automatically set above and below the on/off level, 
respectively. The threshold level indicator lamps display 
the on/off center level. 

The on/off center level, the on-point threshold 
value, the off-point threshold value and the hysteresis 
band, which have been set as described above, are 
adjusted in the adjust mode. 

When the operation mode selecting switch 41 is set 
to the adjust mode, and the threshold level display 
mode selecting switch 45 selects the MID display mode, 
the on/off center level can be adjusted. The adjustment 
of the on/off center level is the same as the threshold 
level adjusting processing (Fig. 3, step 104) in the 
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above embodiment. The threshold level indicator lamps 
display the dh/off center level being adjusted or having 
been adjusted (See Fig. 4). 

In the adjust mode, when the ON display mode is 
selected by the threshold level display mode selecting 
switch 45, the adjustment of the on-point threshold level 
is possible. The user selects one of the direction in 
which the on-point threshold value becomes higher or 
the direction in which the on-point threshold value 
becomes lower by the adjust direction selecting switch 
43, and depresses the setting button 44. Whenever the 
setting button 44 is depressed, the on-point threshold 
value changes by the resolution d in the direction desig- 
nated by the adjust direction selecting switch 43. The 
on-point threshold value is displayed by the threshold 
value indicator lamp. 

The adjustment of the off-point threshold level is 
performed in the same way as the on-point threshold 
level adjustment, when the OFF display mode is 
selected by the display mode selecting switch 45. 

The adjustment of the hysteresis band can be exe- 
cuted when the HYS display mode is selected by the 
threshold level display mode selecting switch 45 in the 
adjust mode The adjust direction selecting switch 43 is 
set in the ascending direction when the hysteresis band 
is widened, but the adjust direction selecting switch 43 
is set in the descending direction when the hysteresis is 
narrowed. The hysteresis band in widened or narrowed 
by d (by 0.5d above and below the on/off center) each 
time the setting button 44 is depressed. 

In the above embodiments, the received light level 
display device 21 (the feature quantity display device) 
and the threshold level display device 22 (the threshold 
value display device) respectively comprise LEDs. 
These display devices 21 and 22 may be realized by a 
liquid crystal display (LCD) device. The received light 
level display device 21 may be constituted by an LCD 
device and the threshold level display device 22 may be 
constituted by an LCD device. Alternatively, both the 
received light level display device 21 and the threshold 
level display device 22 may be constituted by an LCD 
device. The shapes of the indicator lamps 21a - 21 h and 
the shapes of the indicator lamps 22a - 22g (the shapes 
may not necessarily be the same as those shown in 
Figs. 2 and 9) may be expressed on a liquid crystal dis- 
play panel (a display surface) of the LCD device(s) by 
dots or areas (segments). Alternatively, liquid crystal 
display segments having the shapes of the indicator 
lamps may be arranged on the operation panel. 

Although the preisent invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 



Claims 

1. A sensing device comprising: 

5 means for acquiring feature quantity represent- 

ing a physical state to be sensed; 
a feature quantity display device, which 
includes a plurality of indicator elements 
arranged in a line, for indicating the feature 

10 quantity acquired by said feature quantity 

acquiring means by a bar graph expressed by 
said indicator elements; 
a threshold display device, which includes a 
plurality of indicator elements arranged in cor- 

75 respondence with the indicator elements of 

said feature quantity display device, for display- 
ing a set threshold value in correlation with the 
bar graph; and 

judging means for comparing the feature quan- 
go tity acquired by said feature quantity acquiring 
means with the threshold value and for output- 
ting the comparison result 

2. The sensing device according to claim 1 further 
25 comprising: 

means for changing the threshold value in a 
plurality of discrete points in correlation with the 
plurality of indicator elements in said threshold 

30 display device; and I 

means for holding the threshold value changed 
by said threshold changing means; 

wherein said threshold display device 
indicates the threshold value held by said 

35 threshold holding means, and said judging 

means uses the threshold value held by said 
threshold holding means in making compari- 
son with the feature quantity. 

40 3. A sensing device comprising: 

means for acquiring feature quantity represent- 
ing a physical state to be sensed; 
a feature quantity display device which 

45 includes a plurality of indicator elements 

arranged in a line, for indicating the feature 
quantity acquired by said feature quantity 
acquiring means by a bar graph expressed by 
said indicator elements; 

so threshold processing means, which include an 

input device, for setting a threshold value or 
changing the set threshold value in response to 
an input in said input device; 
threshold holding means for holding the thresh- 

55 old value set or changed by said threshold 

processing means; 

a threshold display device, which includes a 
plurality of indicator elements arranged in cor- 
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1 respondence with the indicator elements of 
said feature quantity display device, for display- 
ing the threshold value held in said threshold 
holding means in correlation with the bar 
graph; and 5 
judging means for comparing the feature quan- 
tity acquired by said feature quantity acquiring 
means with the threshold value held in said 
threshold holding means, and for outputting the 
comparison result. w 

4. The sensing device according to claim 1, wherein 
said threshold display device includes n indicator 
elements and indicates the threshold value in 2n-1 
points by the selected one or plural indicator ele- 15 
rnents. 

5. A display method in a sensing device which 
acquires feature quantity representing a physical 
state to be sensed and compares the acquired fea- 20 
ture quantity with a threshold value to output the 
comparison result, comprising the steps of: 

displaying the acquired feature quantity with a 
bar graph expressed by a plurality of the first 25 
indicator elements which are arranged so as to 
form a row; and 

displaying the threshold value by a plurality of 
the second indicator elements which are dis- 
posed in correspondence with the said first 30 
indicator elements in correlation with the bar 
graph display. 

6. A sensing device acquiring feature quantity repre- 
senting a physical state to be sensed and compar- 35 
ing the acquired feature quantity with a threshold 
value to output a signal representing the compari- 
son result comprising; 

feature quantity display means for displaying 40 
the feature quantity by a length representing 
the feature quantity in a predetermined zone for 
display; 

threshold display means for displaying a 
threshold value at a position of a plurality of 45 
positions in correlation with the predetermined 
zone for display of said feature quantity display 
means; and 

adjusting means for adjusting stepwise the 
threshold value in correlation with the plurality so 
of positions; 

wherein said threshold display means 
displays the threshold value adjusted by said 
adjusting means. 

55 

7. The sensing device according to claim 6, wherein 
said adjusting means includes an input device and 
changes a threshold which has been set in a plural- 



ity of discrete points in an ascending direction and 
in a plurality of discrete points in a descending 
direction in response to an input in said input 
device. 

8. The sensing device according to claim 6, wherein 
said adjusting means includes an adjusting direc- 
tion selecting device and a value-change instruct- 
ing device, and causes the threshold position 
currently displayed to move in a direction selected 
by said adjusting direction selecting device by a 
number of steps instructed by said value-change 
instructing device. 

9. The sensing device according to claim 6 which has 
different threshold values relating to an on-point 
and an off-point, further comprising a device for 
selecting one of the on-point or the off-point 

wherein said adjusting means adjusts the 
threshold value relating to the point selected by 
said selecting device, and said threshold display 
means displays the threshold value relating to the 
point selected by said selecting means. 

10. The sensing device according to claim 6 which has 
a hysteresis band, wherein 

said adjusting means adjusts the hysteresis 
band, and said threshold display means dis- 
plays the hysteresis band. 

11. A sensing device acquiring feature quantity repre- 
senting a physical state to be sensed and compar- 
ing the acquired feature quantity with a threshold 
value to output a signal representing the compari- 
son result comprising; 

feature quantity display means for displaying 
the feature quantity by a length representing 
the feature quantity in a predetermined zone for 
display; and 

threshold display means for displaying a 
threshold value at a position of a plurality of 
positions in correlation with the predetermined 
zone for display of said feature quantity display 
means. 

12. The sensing device according to claim 11 further 
comprising setting means for setting stepwise the 
threshold value in correspondence with the plurality 
of positions in said threshold display means, 
wherein said threshold display means displays the 
threshold value set by said setting means. 

13. The sensing device according to claim 12, wherein 
said setting means includes means for selecting 
one of an on-point or off -point and sets the thresh- 
old value relating to the selected point, and said 
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threshold display means displays the threshold 
•value relating to the selected point. 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



11 



EP 0 844 464 A1 



o 

CNJ 



\ fc 



u: 



L 



CM 




NIT | 


v / 

CO 

\ 


NIT 


o 


H 


ID 




3 






> 




1- 




— ) 


< 




3 






-J 




CL 






CL 




\- 




D. 


DIS 




no 




2 



b 


ION 1 


ZD 


h- 


00 


O 


UJ 


UJ 


a: 


CO 


O 


1— 


LU 


3 


e> 


Q_ 


Q 


1- 


Z> 


3 


— > 


O 



\ 



o 


2 


2 


CTIOI 


NG 


< 


UJ 


X 


CO 


o 


O 


6 


2 


OL 


ESSI 


X 


to 




THRE 


PRO 



2 
3 

_J 
O 
a 
h- 
2 

o 

u 




o 




2 




> 




CEI 




UJ 


2 




3 


• 












-J 





12 



EP 0 844 464 A1 



Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 9 



43- 



45> 



42 



<3 

< 

< 

<T 

< 

< 

<3 



SET 



TEACH 
ADJ 
RUN 



IT" 



ON 
MID 
OFF 
HYS 

L.ON 

D.ON 



,23 



-22 



44 



41 



20 



EP 0 844 464 A1 



o 









<< 
















CO 








1 

r~ 






\ 




Z 




Z 










ZD 




z 

z> 


>- 










< 








i 


-J 




Ol 






a. 








a. 


m 




Z> 




z 


1 Q 




O 







C9 
Z 

2= 
< 

<t UJ 
UJ 

a: 
ZD 



CM 



Z 

g 

UJ 

to 
O 

z 

o 
o 
3 











CL 




1- 








o 




LT 1 


ION 






to 




UJ 


UJ 


a: 


CO 


a 




UJ 








Q 




Z3 




— 1 





< 

o 



LCTION 


CO 

V 




>- £ 




ORY 


DISP 
CHANGE-OV 




MEM 










H 






Z 




o 


ZD 




z 






1- 


z 




o 


> 






UJ 




9 z 


CJ 

UJ 




£^ 






i 






X 








o 






-J 







\ / 
/ 



21 



EP 0 844 464 A1 




22 



EP 0 844 464 A1 



CO -„ 

\ 7 

£ VVVTVVV 



Si 



iiiiii 

/ 



CVJ 



CNJ O 
CVJ CVJ 
CM 



V I 

§ VVVVTVV 



IIIIII 



CVJ 



CVJ XJ 

cvj cvj 

CVJ 



s» VVVVV^V 



IIIIII 

/ 



CVJ 



23 



EP0 844 464 A1 



www 
www 



* mill 

_/ 

w 



w p, 
w w 
w 



\ 7 

VVVTVVV 



5: / 



iiiiii 



CVJ 



24 



EP 0 844 464 A1 



Fig. 14a 




Fig. 14b 

93 



92^ 



25 



EP 0 844 464 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 12 0391 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



US 4 197 650 A (BAILEY ET AL.) 

* column 3, line 18 - line 35 ' 

* column 4, line 16 - line 18 ' 

* column 6, line 32 - line 61 1 

* figures 1,2,5-7 * 



PATENT ABSTRACTS OF JAPAN 

vol. 7, no. 90 (P-191), 14 April 1983 

& JP 58 018118 A (HITACHI SEISAKUSHO KK) 

* abstract * 

GB 2 037 022 A (MATSUSHITA ELECTRIC 
INDUSTRIAL CO LTD) 

* page 2, line 32 - line 37 * 

* page 2, 1 ine 84 - 1 ine 88 * 



The present search report lias been drawn up for all claims 



1,3,5,6, 
11 



2,4, 
7-10,12, 
13 



G01D7/04 



2,4 



7-10,12, 
13 



TECHNICAL FIELDS 
SEARCHED (lnLCI.6) 



601D 



Place ol search 

THE HAGUE 



Dale 3t completion ot me search 

9 February 1998 



Examiner 

Lut, K 



CATEGORY OF CITED DOCUMENTS 

X particularly relevant if taken alone 

Y : particularly relevant rf combined with another 

document of the tame category 
A : technological background 
O . non-written disclosure 
P . intermediate document 



T : theory or principle underlying the invention 
E earlier patent document, but published on, or 

after the Ring date 
O . document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



26 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record ** 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 8 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
I^FADED TEXT OR DRAWING 

^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHIBITS) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



